The study aimed to analyze the adoption and diffusion of the technology at farm level which conducted in three consecutive seasons of 2000/2001. Two villages in Moyudan sub-district of Jogjakarta Province, where a chronic pest infestation exists, were chosen. The study showed IPM technology has been adopted by both IPM-participating and non-IPM participating rice farmers. It was indicated that diffusion of IPM knowledge in this area of study where every farmer faced the same problems of severe pest infestation.
Introduction
Integrated pest management (IPM) technology, a package of practices that utilises natural predators and careful timing of right doses, is one of the most important measures to cut the use of pesticides. The technology has been introduced in Indonesia to cope with problems resulting from the unwise use of pesticides during the 1970s and 1980s. It is not surprising evidence that the application of pesticides during the periods has increased substantially along with incredible amount of subsidies . This was considered one of the key successes in the intensification programme in Indonesia, that is, the substantial increase in rice production because of the increase in crop yield through intensive use of inputs including chemical pesticides. But, most of the researchers believe that without indiscriminate use of pesticides, increases in application of pesticides lead to a number of consequences such as elimination of natural enemies, pesticide-resistant pests, and frequent pest outbreaks, so that crop losses increase (Barbier, 1989; Conway and Barbier, 1990; Rola and Pingali, 1993; Zilberman and Castillo, 1994; Saha et al., 1997) . In addition, pesticides also impacted on human health (Wilkinson, 1988; Rola and Pingali, 1993; Antle and Capalbo, 1994; Antle and Pingali, 1994; Kishi et al., 1995; Nhachi, 1999) and the environmental contamination (Pimentel et al., 1993; Bond, 1996) .
IPM programme and dissemination of IPM technology
The Indonesian Government has implemented the IPM programme with support of the UN's Food and Agriculture Organization (FAO) since May, 1989 for dissemination IPM technology among rice-based farmers trough a pilot project. The programme 'provides an ideal case to contrast extension for sustainable agriculture with that supporting high external input agriculture. IPM is being introduced into a farming system, irrigated rice, in which the Green Revolution has been successful during the past twenty years' (Rolling and van de Fliert, 1994: 98) .
This programme was realisation of a Presidential Decree (INPRES 3/86), three years before, which banned fifty seven brands of pesticides from rice cultivation, and declared IPM the national pest control policy. A policy measure progressively reduced the subsidy on pesticides, which was previously 85%, to zero in 1990 (Untung, 1996) . These policy measures created a favourable climate for the implementation of Indonesia's National IPM Programme. It was the first phase (1989) (1990) (1991) (1992) ) of large-scale attempt to systematically introduce sustainable agricultural practices as a national, public sector effort. During the first phase it had trained around 200,000 farmers intensively, and many more by other methods. Locations of FFS were purposively selected with criteria of easy accessibility and the presence of active farmer groups. Farmers participating in the school were also purposively selected for the program. Farmers with more prosperous and better informed in the selected villages were encouraged to be participant of the school.
The second phase (1993) (1994) (1995) (1996) (1997) (1998) (1999) was sponsored by the World Bank. In this phase the programme was multiply expanded in scales. Since 1994, the pilot FFS activities have been taken over by the National IPM Training Project funded by the World Bank (World Bank, 1993) . The project promoted IPM and improved crop cultivation of rice and other food and horticultural crops. More regions have been covered and more actors have been involved. However, the target was not to reach all Indonesian farmers. The strategy of the program was to train a fraction of farmer community, instead of to train all farmers in the community. Thus, the spread of IPM knowledge relies on farmer-to-farmer diffusion (Feder et al., 2004a) . During implementation of second phase of the project, villages where FFSs were carried out were still subjectively selected with the same criteria by the project management in collaboration with Agricultural Services official both in provincial and district levels. With the assistance from agricultural office at sub-district level and farmer group leaders, farmers were also purposively selected with certain criteria, for instance: rice farmer, literacy, and ability of active discussion.
Statement of problems
During the first few years of the IPM Programme, pesticide use dropped by approximately 50 per cent and yields increased by around ten per cent (Pincus, 1991) . Despite this impressive success, work of showed that the programme has diminished pesticide use and increased productivity and the household incomes of different socio-economic groups. These confirm the fact cited by Useem et al. (1992) and Untung (1996) that Indonesian IPM programme has been successful in reducing pesticide use and escalating rice production. Winarto (1995) gave the impression of supporting the success of IPM programme by showing process of transfer IPM knowledge at farmer level. Studies by Kuswara (1998a, b) ; Paiman (1998a, b) and Susianto et al. (1998) highlight some cases of successful IPM implementations in some sub-districts. In wider scale, Irham (2002: 75) sums up the impact study of Indonesian IPM programme conducted by SEARCA in 1999 that 'at least the farmers can maintain the current yield with lower cost of pesticide'. In Agro-Chemical Report (2002) it is stated that Indonesia has been one of the leaders in the use of IPM in Asia. Since 1989, a national IPM programme has helped farmers in Indonesia to reduce their dependence on pesticides and increase their harvests. It has also dramatically reduced the incidence of pesticide-related illnesses and environmental pollution.
However, the successful implementation of IPM technology in Indonesia has been questioned by Feder et al. (2004a) finding that the IPM training has failed to deliver IPM technology since there is no difference between farmers participating the training and ones not participating, in terms of growth in rice yield and reduction in pesticide use. Another study by Feder et al. (2004b) showed that the diffusion of IPM knowledge among farmers was also not the case and there is no evidence that the expected environmental and health benefits of the programme are significant. This is understandable because non-IPM participating farmers may face different problems from IPM-participating farmers.
The expectation on adoption of the technology by Indonesian farmers is questionable for the target of IPM Programme was not to reach all Indonesian farmers. The strategy of the programme that is not to train a fraction of farmer community, instead of to train all farmers in the community. Thus, the spread of IPM knowledge relies on farmer-to-farmer diffusion. During the introduction of IPM technology, villages where FFSs were carried out and subjectively selected by the project management in collaboration with Agricultural Services official both in provincial and district levels. The selection criteria were easy accessibility and the presence of active farmer groups. Farmers participating in the school were also purposively selected for the programme. Farmers with more prosperous and better informed in the selected villages were encouraged to be participant of the school.
This study aimed to analyse the adoption and diffusion of IPM technology in rice farming. The entry point of introducing IPM technology was plant protection. Farmers facing serious problems of pest infestation were expected to be responsive to adopting the technology. Once the technology has been adopted by some farmers, other farmers having the same problems would adopt the technology.
Material and methods

Source of data and location
Data came from a farm survey conducted in three consecutive seasons of 2000/2001 in two villages. Sixty rice farmers are purposively selected in the survey, which consisted of thirty of them who have been graduated from FFS.
Moyudan sub-district of Jogjakarta province is selected as the study area (see Figure 1 for the location of study). The region constitutes one of the rice production centres in Java where IPM programme has been promoted intensively by local and national government. Every year, a number FFSs have been set up following the introduction of the IPM programme. Importantly, this sub-district is considered an area of endemic pest infestations of rice. This is because this area promote a technical irrigation system to allow farmers to cultivate rice throughout a year. Being an endemic area of pest infestations is expected to stimulate the adoption of IPM technology by IPM-graduate farmers, and enable diffusion of the technology by non-graduate farmers neighbouring the graduates. Rice is of interest in analyzing IPM programme because it is IPM-targeted commodity (World Bank, 1993) (Figure 1) . 
Underlying theory
A production function explained in the microeconomic theory is used as fundamental analysis. Related to the introduction of new technology, the production function is mathematically expressed as follows:-
where Y is output, X is vector of inputs, L is land, T represent different technology and S represents different states of nature. In Asian developing countries, it has been pointed out by Hayami and Rutan (1985) agricultural production technology exhibits constant returns to scale. This means that output will multiply by a factor λ if all inputs and land are multiplied by the same factor, such that:
for any λ>0. If
, the production function can be expressed as yield function, that is:
Study site: Jogjakarta province
where
, and
. Variable land, L collapses because it becomes unity and constant.
Economic modelling
Yield function is developed in estimating the functional relationship. Pesticide input is used as independent variable to know the effect of pesticide on rice yield. To detect the impact of the IPM-technology on rice yield, a dummy variable is introduced into the model. A Cobb-Douglas model is used in this study. Soekartawi et al. (1986) stated that the Cobb-Douglas model suitable to estimate agricultural production functions. In terms of a log-linear functional form, the Cobb-Douglas model is formulated as:
where y is yield of rice (kg/ha); x is inputs for i = 1, 2, ... 8; T is dummy variable for IPM-graduate farmers; S j is dummy variables for j=1, 2 for first and second dry seasons respectively; α , β , γ and δ are coefficients of regression; and ε is error terms. Having a strong claim about the superiority of the IPM technology, it is assumed that if the all farmers have adopted the technology, there was no difference in productivity between IPM-graduate and non-graduate. The diffusion of IPM technology was indicated by insignificance of γ. Descriptive analyses on pest infestation, pesticide use and micro-economic indicators are primarily used to justify the estimated econometric outcome.
Results and discussion
The impact of IPM on rice yield
The impact of IPM-training on yield of rice is given in Table 1 . Even though the coefficient determination is relatively low, overall test showed high level of significance. Low coefficient determination was a common case in estimating yield function, because land, which highly correlated with production, disappears in the model. We can see that KCl and labour inputs significantly increased in yield of rice. On the other hand, pest infestation significantly reduced in yield. It is logical because pesticides have no impact on yield. An interesting phenomenon was that yield of rice in second dry season showed the highest. Referring to the system irrigation in this area, this case was understandable. F-test 0.1518 2.732*** Note: *** = Significant at 1 % ** = Significant at 5 % * = Significant at 10 % IPM graduate has no impact on yield of rice. Assuming that IPM technology can increase productivity, there are two possible cases explaining the finding. First, IPM graduates do not adopt IPM principles, such that there was no difference in yield of rice between IPM graduate and non-graduate. Second, non-graduates have adopted IPM technology because the technology diffused among farmers in the villages through informal forums. It seems that the second case was acceptable because at aggregate provincial level, IPM technology has escalated rice production Mariyono et al. 2002) . Farmers adopted IPM technology because of the fact that pesticides are no longer useful in controlling pest infestation. This indicated in the yield function. As mentioned by Lichtenberg and Zilberman (1986) , pesticides have positive impact on yield or production if susceptible pest infestation exists. When pesticides are not effective, farmers needed to choose alternative pest controls. IPM has been introduced as an alternative.
Note that the farmers in the study area still use pesticide. Although both groups apply pesticides for their crop protection, their philosophy of using them was different. (Table 2 ) Table 2 shows that most of IPM-graduates used pesticides only when pest infestation exists, and only few of them used pesticides for preventive motive. This is understandable as they received the IPM principle during training. On the other hand, most of IPM-graduates regarded pesticide as a preventive measure regardless the level of seriousness of pest infestation although some of them apply pesticides only when severe pest infestation exist.
Adoption and diffusion of IPM technology
It is necessary to understand the implementation of the IPM technology by the farmers after analyzing the impacts of IPM programme on pesticide use and yield of rice. (Table 3 ) Table 3 shows that resistant variety has been adopted by both IPMtrained and non IPM-trained farmers. Both different groups of farmers have applied recommended technical culture concept for fertilizer application particularly for potassium fertilizer. Only a few of non IPM-trained farmers used this fertilizer. One of the applicable reasons is that the non IPM-trained farmers still think the necessity of this fertilizer while its price is little bit higher compared to other types of fertilizer.
It is important to note that none of groups applied crop rotation. This became the main reason of high possibility of pest and disease infestations to exist in this area. The study also found that IPM-trained farmers applied more mechanical pest control compared to that of non IPM-trained farmers particularly for rat control by using trapping tools and sulphured-smoke. IPMtrained farmers also applied non-pesticide material such as salt and ashes regardless the effectiveness of such measures. One of the distinct different between both different groups was that the IPM-trained farmers gave better observation on their crops condition compared to that of non IPM-trained farmers. Overall, the gap in adopting the components of IPM technology was not wide a lot. This is an indication that the principle of IPM has been widely known by both groups of farmers in the study area. One important factor is that all farmers face the same problems of massive pest infestation. The farmers get incentives in adopting the IPM technology in coping with the risk of crop loss. 
Conclusion
The Indonesian government has institutionalized IPM technology to replace the previous chemical intensive technology, which has been introduced during the green revolution. However, it was doubted whether the IPM technology can be adopted by farmers directly participating in the IPM training and diffused among non-participating farmers. This because Farmers have been accustomed with chemical intensive technology for long period and the number of IPM-participating farmers were very small compared with total number of Indonesian farmers. IPM-participating and non-IPM-participating farmers in area were compared where serious and chronic pest infestation existed, this study showed that there was no different productivity of rice. Both groups of farmers have applied the important components of IPM technology. This was an adequate indication that in an area where farmers faced serious problems of pest infestation, IPM technology has been responsively adopted by both IPM-participating and non-IPM-participating farmers. It is the case that the technology has diffused to other neighbouring farmers.
